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Abstract 
The article deals with the using of modern tools in education within the Technical mechanics lessons, especially in the scope of 
kinematic and dynamic analysis of mechanism. It is focused on the possibility to solve the same problem by three various 
approaches. Students are firstly acquainted with basic mechanical principles and after problem solution they can compare not 
only achieved results but also the advantages and disadvantages of individual methods. It can be said that most popular technique 
is solution using computer aid, because traditional methods require numerical computation and students have the limitations in 
math. On the other hand the teacher´s task is to show to students that the modern tools help us to simplify and shorten the 
problem solving but the know-how has to provide user of software. So the theoretical base and traditional methods used in 
education process have in some cases their justification. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Sakarya University. 
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1. Introduction 
The quality of academic study in complex form is based on the knowledge of high and grammar-school leavers, 
which usually aren´t on the same level. Most of the leavers come at the technical universities without the idea about 
terms connected with the application of mechanics in practice. Students are already forced to work with these terms 
and theories in 1st year of academic study. In the scope of education it is very important for student to understand 
the merits of task which has to be solved. That's why the lecturer should explain mechanical laws step by step. It also 
holds at kinematic and dynamic analysis of mechanisms what are the topics which students meet during their studies 
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at Faculty of Manufacturing Technologies TU Kosice with a seat in Presov. The theoretical knowledge within the 
mechanics is for student basement for next lessons related to e.g. parts of machines, technical devices design, elastic 
body analysis and other. 
In despite of the fact that working out and understanding of theoretical basis of mechanics laws is essential 
assumptions of education today, on the other hand the demonstration of practical application of obtained theoretical 
knowledge is missing. There are not used available instruments and computer aid in education process in the regard 
to the visualization of problems and achieving results of research. Some types of problem solving (for example 
graphical solution) are inaccurate and non-actual in today digital age. Therefore it is necessary the classical well-
tested approaches to supplement, to update and adapt to modern trends or possibilities. (Senderska et al. 2013) 
The comparison of traditional and modern approach to study of mechanism within the Technical mechanics 
lessons is presented on the kinematic and dynamic analysis of slider-crank mechanism. It can be considered as most 
commonly used mechanism in real practice. It is a part of various machines and almost every car. The slider-crank 
mechanism consists of crank shaft, slider block and connecting rod. The crankshaft performs the rotational motion; 
piston translational motion in one direction and connecting rod performs general motion and the joints between the 
bodies have to be defined so to allow these motions. The mechanism has one degree of freedom. (Panda, 2012) 
Figure 1 shows the real slider-crank mechanism of minibike Jawa 90 which students can take in your hands.  
a)                b)     
Fig. 1. Real slider-crank mechanism (a) of minibike Jawa 90 (b).  
2. Kinematic analysis 
The aim of the kinematic analysis is to investigate the motion of individual components (or their choices points) 
in dependence on the motion of drivers. To investigate of the motion means to determine the dependency of the 
position, velocity and acceleration of the examined members and important points on the motion of driven members 
or on the time. (Lukovics, 2013) 
Let the input values of the mechanism for kinematic analyses are:  
 crank shaft length r = 24 mm;    
 connecting rod length  l = 90,25 mm = 0,09025 m;  
 angular position of crank 2 φ21 = 35º;    
 angular velocity of crank 2 ω21 = 31,416 rad.s-1;  
The kinematic analysis can be done by several manners such as analytical, graphical and computer aided solution. 
2.1. Analytical solution 
There are several types of analytical solution that is usually concerned on the task of the position. Most often 
analytical method uses the trigonometric rules and mathematical definitions as are functions, differentiation, 
equations, etc. The simple representation of real mechanism that serves as the basis for next processing is the 
kinematic scheme. (Andrejevic et al. 2013) The individual components of mechanism in this scheme are numbered 
due to the numerical solution limpidity. The frame is numbered 1, the driver is the crank with number 2 that rotates 
with angular speed ω21. The goal of task is to define the motion of the slider (component 4), which all points 
describe line path. The kinematic scheme of crank-slider mechanism is shown in the Fig. 2. 
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Fig. 2. Kinematic scheme of mechanism 
Angle position of the crank 2 is determined by angle φ21 that changes in time. Kinematic dependency of angle φ21 
on time, if angular speed ω21 is constant can be expressed: 
t2121 =ZM  (1) 
The origin of coordinate system of mechanism was for numerical solution located into the point O21. It can be said, 
that the kinematic values of component 4 is determined by kinematic characteristics of point B, because slider 4 
executes the linear motion in axis x direction and all its points do the same move. All kinematical characteristics in y 
direction therefore are zero. The dependency of searched x-coordinate on the angle φ21(t) is defined by trigonometric 
method. For point B holds 
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By the first and second differentiation of the equations mentioned above with respect to time students can obtain the 
components of corresponding velocity and acceleration:    
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After substitution of concrete values r, l, φ21 and ω21 into the equations (3) and (4), the values of velocity and 
acceleration are: 
528644964,0  BxB vv    
1. sm  37024049,21  BxB aa 2. sm  
2.2. Graphical solution 
Graphical solution is suitable only for planar mechanism analysis and come out from the kinematic scheme of 
mechanism sketched in the selected scale with the scaled input parameters in vector form. After graphical solution it 
is needed to measure the obtained vectors of kinematic parameters and consequently to calculate the real obtained 
values of kinematic analysis. Students can use the colour lines for the higher limpidity of solution. 
The example of graphical solution of mechanism is shown in the Fig. 3.  
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Fig. 3. Kinematic analysis - graphical solution 
2.3. Computer aided solution 
Computer aided solution use the special software dedicated for it. Today there are very interactive and user 
friendly 3D software in the market, which can simulate not only the motion of the mechanism, but they can define 
the position, velocity, acceleration, forces, moments and other parameters in every moments of time in graph or 
vector version, for example. (Krehel & Rimar, 2014) Pro/Engineer is one of the software, which is suitable for the 
analysis and the control rationalization of complex processes. It provides students to perform the kinematic motion 
simulation and behavioural insight into the assembly through the easy definition and animation of connections. Once 
assembled, students can observe how their mechanism designs will behave geometrically through interactive part 
dragging and user-defined motion simulations. Predefined motion simulations, using drivers to simulate motors or 
actuators, also provide animation.  
Inside computer application primarily it is necessary to create the 3D models of individual components of 
mechanism, secondary to join them by kinematic linkage which removes needed degrees of freedom. The virtual 
model of slider-crank mechanism was created in software PTC Creo and it is showed on the Fig.4. 
 
 
Fig. 4 Virtual model of real slider-crank mechanism  
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After the modelling mechanism, joints and input parameter definition, it was possible to provide the kinematic 
analysis. Output data could be designed direct in software PTC Creo as values or as graphs or it can be sent to other 
software for the next processing.  
Fig. 5 shows the velocity [mm.s-1] and the acceleration [mm.s-2] profile of the slider 4 after analysis has been 
executed depending up the angle position crank 2 measured in Deg [º]. 
a)        b)  
     Fig. 5 Output data of kinematic analysis (a) velocity; (b) acceleration 
Table 1 Kinematic analysis results 
Kinematic analysis 
– point B 
Values for φ21=35º 
Methods 
Graphical solution Analytical Computer aided 
Speed vB   [m.s-1] - 0,53 -0,5286 - 0,52864496 
Acceleration aB  [m.s-2] - 21,45 -21,3702 - 21,37024049 
 
3. Dynamics analysis 
Let the mechanism shown in Fig. 6, at which the length l = 0,08 m, is loaded by initial moment M = 0,3 Nm 
applied at the body 2 and by two forces F1 = 50 N and F2 according to the Fig. 1. The force F2 is unknown and it is 
necessary to specify it so to be a mechanism in equilibrium position given by the angle φ = 45°. To simplify the 
solution, the gravity of bodies and the friction are not considered in this case.  
 
 
Fig. 6 Kinematic scheme of mechanism 
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3.1. Analytical solution 
For calculating of imposed motion without friction is especially well suited the principle of virtual work. Since 
the reactive forces do not exert any work during displacement, the principle of virtual work follows in the Lagrange 
formulation: A mechanical system moves so that the virtual work of effective forces (external and inertia) on virtual 
displacement equals zero. (Orlovsky, 2014)  In general expression, the virtual work is given by the formula: 
  0δ δ i   ¦ qQQA
i
Dii , (10) 
where  - general work force acting on the i-th rigid body, 
  - general d´Alambert  inertia force acting on the i-th rigid body, 
  - general coordinate of elementary displacement of the i-th rigid body.  
The equation of virtual work for this concrete mechanism is  
0δδδ 21   xFyFM M , (11) 
where Jsinly    and  JM cos2cos llx  .  
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3.2. Graphical solution 
For graphical solution it is necessary to substitute the momentum M by the couple of forces FM1 and FM1 that are 
equal as for the strength of couple, but they are antagonistic oriented. It holds 
2M1M pFpFM   , 
where p is the distance between the forces FM1 and  FM1. If students choose the distance p, they can count the value 
of the force. So, if the p is 0,01 m, the forces N  30M2M1   FF . 
For next graphical solution it was used the principle of superposition. At this principle the bodies are loaded step 
by step. The force F2 is unknown so it can be considered as one of the reactions. The specific graphical solution of 
this problem in the scale is presented in the Fig. 7. 
After measuring of vector F2 (14 mm) and its recounting by means of the scale, it can be said that the force F2 
approximately equals 14 N. 
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Fig. 7 
3.3. Computer aided solution 
Dynamic simulation is more complex than kinematic analysis, because the problem needs to be further defined 
and more data is needed to account for the forces. But dynamics are often required to accurately simulate the actual 
motion of a mechanical system. Generally, kinematic simulations help evaluate form, while dynamic simulations 
assists in analyzing function. (Patel et al., 2013) If the input parameters are the same, then once prepared mechanism 
for kinematic analysis is possible to use for dynamic analysis, too. In this situation the dimensions of mechanism 
were very quickly modified to respond to the input values of slider crank mechanism for dynamic analysis.  
From the results achieved by means of software PTC Creo it is possible to specify the value of force F2, that  
is 14, 29410 N. (Fig. 8) 
 
Fig. 8 Virtual model of mechanism  
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The values obtained by three various approaches within the dynamics analysis are presented in Tab.2.  
Table 2   Acquired values of the unknown force 
Dynamic analysis – force F2 
 Values for φ21=45º 
Methods 
Numerical Graphical Computer aided 
F2 [N] 14,2940547 14  14,294054 
4. Summary 
Whereas all three solutions use the same principles, students have to understand them. The design of a machine, 
mechanism or any moving mechanical system always starts with a consideration of kinematics because kinematics is 
the study of the geometry of motion. Actually before engineers can start to use a computer for synthesis or analysis of a 
machine, they have to develop some initial concept of how the machine will operate. 
Each of presented solutions has their self advantages and disadvantages. It is clear that the using of graphical 
method enables faster solution of the problem, but in less precision. It can be said that the results of analyses are the 
same. Students can compare achieved values. If one of them is different, they have to look for the mistake. 
Even though the virtual simulation of mechanism has fixed place in engineering practice, it seldom satisfy to real 
conditions due to outside and inside influences, which can be predicted and defined very difficult. Therefore it is 
necessary to deliberate influences and results multiply by surety factor. (Modrak et al., 2003).  
Fortunately, today, the ready availability of very powerful personal computers and the associated software allows 
synthesis and analysis of simulation, which were formerly laborious, to be performed quickly and cheaply. Because of 
the availability of these computer aids and the consequent incentives to apply kinematic and dynamic principles in 
design, it is becoming increasingly important for the practicing engineer to have a good understanding of those 
mechanical principles. (Dostal et al., 2012) 
On the other hand, simulation is not "panacea" for all problems. There are difficulties, when it is better to apply 
other, cheaper tool of problem solution, when the simulation appears as few effective. Therefore it is the teacher´s task 
to show to students that the modern computer tools help us to simplify and shorten the problem solving but the user of 
software has to provide his know-how. So the theoretical base and traditional methods used in education process have 
in some cases their justification.  
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